In this paper, composite well log (gamma ray, sonic and density) was used to identify thin layers of different lithologies and the lithologic boundaries at various depths by the signature records of the logs, and checkshot data were used to check and/or validate the integrated time and sonic derived velocities. The results show that acoustic velocities are very much affected by different lithologic properties and depth; porosity decreases more in shale than sandstone and velocity increases more in shale than sandstone all with respect to depth. The result further showed that there was normal parametric trend for both wells from 120m to about 3450m depth beyond which overpressure sets in.
INTRODUCTION
Acoustic velocity is a geophysical parameter that measures the rate of change of displacement as sound wave is propagated through the stratified geology of an area from the source to receiver (Sheriff, 1991) . The variation of acoustic velocity with depth is associated with lithologic properties: particles size, density, porosity, confining pressure, pore fluid content, particle orientation etc. strong velocity variations both vertically and laterally are associated with complex overburden structures; examples are the imbricate structure in folded belts involving both Paleozoic and younger rocks, salt diaprism, voids and dipping strata (Judson et al., 1980; Plona and Johnson, 1984) . Some researchers distinguish lithologies based on geologic age, but in this study lithology is considered from its composition and particle size. Different lithologies have different mineralogical compositions and particle sizes based on the source materials, and depositional environments, which influence the temperature and velocity of such formations (Plummer and McGeary, 1993; Uko et al., 2002) . Vertical profiling can be used to identify lithologic boundaries, faults, bedrock topography; including structural highs and buried channels, it can also be used to predict overpressure zones and reservoirs. Velocity variations are known to correlate well with the lithological character of the formation materials, thus, providing important structural and lithological information as well as information on dynamic soils and rocks properties for earthquake designed analysis of structures (Bosch et al., 2002; Polymenakos et al., 2005) .
It has also been long recognized that the destructiveness of ground shaking during earthquakes can be significantly enhanced by local soil conditions, a term that refers to the mechanical properties of the surficial geological formations. Thus, during past earthquake events, the observed variability in seismic intensity, attenuation and structural damage has been often attributed to the variability of the lithologic stratigraphy and the depth of the earthquake focus of a given area (Assimaki, et al., 2006) . Observations of ground motion recorded in the past reveal in many cases that lithologic characteristics had significance influence on the amplitude level, frequency composition, and duration of surface ground shaking of a seismic wave. Therefore, the detailed description of local geological conditions at any site is critical for the assessment of seismic risk for microzonation studies and for the seismic design and retrofit of important facilities and long structures.
It was also observed that the character of the seismic response; microearthquakes or seismic tremor to slow slip on subduction thrusts and other large faults is largely dependent on the lithological conditions of the formations (Shelly et al., 2007; Payero et al., 2008; Delahaye et al., 2009) .
The area of this study; the South-east of Niger Delta basin is distinctly made up of three major layers of formations: the Benin, the Agbada, and the Akata formations with estimated thickness of each formation ranging from 3000m to 5000m. Figure 1 shows the area of study (Short and Stauble, 1967) . Within these major formations lie several minor strata of various dimension and unique characteristics as shown by Figure 2 . For water, oil and mineral exploration, drilling and mining, engineering design of structures and environmental studies; it is very important and necessary to understand the compositions of these minor strata and their distribution within the major formations (Prasad, 2002) .The propagation characteristics of acoustic waves and their velocities; depend on the elastic constants and densities of the formation materials, that are dependent on their lithologies and depth of burial, which is established by Hooke's relations, given as:
Where θ is the cubical dilatation For shear deformation, it is given as: Where α is the shear strain.
By comparing Eq (3) with Eqs (5) and (6), it simply shows that the velocity p v for compressional wave is:
and K is the bulk modulus.
The velocity s v for shear wave is
Where λ and µ are the elastic constants. These equations show that the amplitude, frequency and attenuation of acoustic velocities are mainly dependent on the lithology, density and the depth at which the wave is propagated (Udias, 1999) .
METHOD
To precisely determine the influence of lithology and the depth of burial of a geologic formation on acoustic velocities, geophysical well logs and check shot data were used. This is because borehole measurements provide direct in-situ evidence of nonlinearity. Well logs provide a better representation of in-situ conditions in a lithologic unit by providing information on the nature of the strata penetrated, the size and shape of the structures, the depth at which these rocks are encountered, the porosity and permeability of the rock units, type of fluids contained therein and the depth of the fluid interfaces etc., of the subsurface formations penetrated in the area (Brigand et al., 1990) .
Two composite well logs comprised of gamma ray log, bulk density log and sonic log were used in this work, which are carefully selected from two well of the same location in the area of study. The signatures of the logs obtained from the runs were carefully digitized to obtain the recorded data. The gamma ray log was used to delineate the different lithologies, and established the sand to shale ratio. The bulk density log was used to determine the densities of the formation materials at various depths. While the sonic log was used to determine the transit time, which was then used to compute for the velocities and porosities at various depths as a function of lithology. Sand to shale ratios, densities, and transit times were all read and determined from gamma ray log, bulk density log and sonic log respectively. From the sonic logs, equation (9) was used to compute the porosities of the formations at various depths (Schlumberger, 1987; Fraser, 1935) . Where Φ the porosity, log t is the transit time read from the log, ma t is the transit time of the matrix, and t f is the transit time of the fluid present in the formation. The transit velocity was computed as the reciprocal of the transit time read from the log; given as:
The gamma ray log was measured in American Petroleum Institute (API) values ranging from 0 to 150 from left to right, the lower the value; sandy the formation materials become, and higher the value; shaly the formation materials become. In delineating the lithologies (sandstone and shale) the depths for sandstone bed and shale bed was chosen based on the peaks of the signatures in the sand zone and in the shale zone respectively to clearly distinguish between sandstone bed and shale bed. The sonic log is measured in microsecond per feet (µs/ft) ranging from 40 to 140, from right to left. The bulk density log is measured in gram per cubic centimeter (g/cm 3 ) ranging from 1.95 to 2.95, from left to right. The logged depth for well E is from 1405m to 4040m, while the logged depth for well F is from 1390m to 3400m. Checkshot is a vertical seismic profiling method of wells to determining the average velocity as a function of depth by lowering a geophone or geophones into a borehole and recording energies or signals from sources on the surface; often run in addition to sonic log to check and/or validate the integrated time. An illustration of checkshot survey is shown by Figure 3 . In well E, the checkshots were taken from depth 120m to 2090m, and for well F; checkshots were taken from depth 476m to 2046m Figure 4 above is a typical example of composite log; including gamma ray log, sonic log and density log etc., run through a well, showing the signatures and the colour codes of different formation materials and fluid contents. The checkshots data were used to cross-check and validate the trend of the sonic log derived velocities of the formations.
RESULTS AND DISCUSSIONS
The numerical data obtained from the digitized logs from the two wells (Well E and Well F) are given in Tables 1 and 2 showing the selected depths, sand and shale percentages, transit times, porosities, acoustic velocities and densities. Considering the observed relationship between the parameters for both sandstone beds and shale beds of Well E, Figure 5 shows that porosity decreases with depth from 1408m down to 3650m beyond which the normal trend deviated; as porosity started increasing with depth indicating an overpressure. The trend of density -depth relationship for well E was normal; density increases with depth as shown by Figure 6 . Also, for well E, as shown by Figure 7 , velocity increases with depth from 1408m down to 3650m beyond which the trend deviated; velocity increases with depth indicating an overpressure. For well F, as shown by Figure 8 ; porosity decreases with depth from 1395m to 3200m; beyond which a slight point of deviation was observed. Density increases with depth, shown by Figure 9 is normal trend. Also, for well F as shown by Figure 10 ; velocity increases with depth from 1395m to 3200; beyond which a slight deviation was observed. Comparing both lithologies (Shale bed and sandstone bed) to the trend relationship, it was observed that approximately at same depth, shale is denser than sandstone, because shale undergoes plastic compaction or deformation while sandstone undergoes elastic compaction or deformation (Plummer and McGeary, 1993) . Porosity decreases more with depth in shale bed than sandstone bed at approximately same depth. Also, from Figures 7 and 10, velocity increases more in shale than sandstone in both wells E and F. With respect to checkshot data, Figure 11 and 12 for wells E and F respectively clearly show that velocity increases with increasing depth across the different lithologies. Density in Shale bed Density in Sandstone bed 
CONCLUSION:
The analysis and interpretations of the obtained data suggests that lithology and depth of burial of a formation have significant influence on the propagation characteristics of acoustic waves, amplitude, frequency and attenuation of acoustic velocities. These influence exerted on the acoustic velocities by lithology and depth of burial are underpinned by the unique elastic constants, and densities of the different lithological materials and their resultant porosities, which is associated with the overburden pressure and the compressibility of these different lithological materials. Porosity decreases with depth; it decreases more in shale than sandstone. Density increases with depth in both lithologies. Velocity increases with depth; the rate of increase of velocity with depth is higher in shale than sandstone. Overpressure zone was encountered in both wells at about 3450m. These phenomena are clear indications that lithology and depth affect the variability of seismic characteristics. This study is significant in planning drilling operation, structural engineering, environmental studies and geodynamic evaluation
